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AN ANALYZER FOR DETERMINING HELIUM-4 IN THE PARTS-PER-BILLION RANGE

By Philip Ws Holland !

ABSTRACT

The Bureau of Mines has developed a trace helium analyzer for deter—
mining hellum~4 Iin the parts-per~billion range. The instrument 1s used
for analyzing pure gases, laboratory—prepared standards, and atmospher—
ic samples. Accuracy at the 95-pct confidence level in the 50- to
20,000~ppb range 1is within 2 ppb or 10.4 pct, whichever is greater,
The minimum detectable helium~4 concentration 1s calculated to be 5

ppb.

The analyzer consists of a modified helium leak-detector mass spec—
trometer, a laboratory-built sample inlet system, and a liquid-
nitrogen—cooled charcoal trap. A programmable integrator and event-
control module make automatic operation possible. The portability of
the analyzer allows it to be used in the field.

1Chemist, Bureau of Mineg, Helium Field Operations, BAmarillo, TX.



INTRODUCTION

The Helium Act, Public Law 86~777, au—
thorizes the Secretary of the Department
of the Interior to maintain and operate
helium  production and purification
plants. In pursuit of thils mission, the
Bureau of Mines is continually investi-
gating ways to improve methods of helium
production, purification, liquefaction,
transportation, storage, and analysis.

The analyzer described in this report
was developed to provide the capabil-
ity to analyze for helium2 in the 5- to
20,000~ppb range.

The instrument is used for determining
the helium content in pure gases (ex~
cluding neon and hydrogen), laboratory-
prepared secondary standards, and atmos-—
pheric samples.

Several researchers have designed and
assembled helium leak-detector mass spec—
trometers for use as trace helium analyz-
ers. Carter (1)3 used a helium leak de-
tector to analyze gases extracted from
water samples in evaluating the use of
helium as a ground water tracer.

Friedman (2) and Reimer (3-4) of the
U.S. Geological Survey assembled truck-
mounted leak detectors for reconnaissance
geochemical surveying. Thelr instruments
are equipped with syringe-injection
congtant—-pressure 1inlet systems. Gases
other than helium and neon are removed
from the injected sample using a liquid-
nitrogen—~cooled charcoal trap. Both

investigators reported a helium sensitiv-
ity of *10 ppb at the 5,000-ppb level,

Dyck (5) assembled a leak-detector mass
spectrometer for field analysis of natu-
ral waters and soil gases in uranium re-
connaissance. Dyck's inlet system is de-
signed for batch-~type sampling and has a
speclal cap-punching device for sampling
the alr headspace in capped bottles,

A truck-mounted leak-detector mass
spectrometer for uranium reconnalssance
was described by Martin (6). This in-
strument 1s equipped with a syringe—
injection batch~type sample inlet system.
A chemical getter pump 1s used to remove
noninert gases from the sample, Martin
reported the same helium sensitivity as
Friedman and Reimer did, =10 ppb at the
5,000~-ppb level,

The trace helium analyzer designed by
the Bureau employs a solenoid-controlled
chromatographic gas-sampling wvalve to
admit samples into the mass spectrom—
eter. The sample 1s passed through the
sample loop of the valve at approximately
atmospheric pressure and expanded into
the mass spectrometer through a 1liquid-
nitrogen—-cooled activated-charcoal trap.
The flow of reference gas or sample gas
to the sample valve 1s selectable using a
second solenoid-controlled wvalve. All
valve sequencing is controlled with a
programmable integrator and event-control
module to provide complete automation of
the system.
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DESCRIPTION OF ANALYTICAL SYSTEM

The analyzer consists of a modified
Consolidated Electrodynamics Corp. (CEC)4
model 24-120A helium leak-detector mass
spectrometer, a laboratory-built sample
inlet system, and a liquid-nitrogen-
cooled charcoal trap, A Hewlett-Packard
model 3390A programmable reporting inte-
grator and model 19400A event-control
module were used to automate the system.
The inlet system, integrator, and control
module were installed in a 53— by 33~ by
56—cm cabinet., Owing to its compact size
and relatively low power vrequirements,
the analyzer can be operated from the
rear of a van or pickup wusing a 2,500-W,
115~V ac portable generator,

components of the inlet
system as--ghown in figure l--are the
reference gas inlet port (4), sample in-
let port (B), rotameter ({), stream-
switching valve (I), sample valve (2),
and air-switching solenoid valves (4 and
5). The inlet ports (4 and B) are Cajon
Ultra~Torr male connectors with rubber
O-ring seals. Compressed gases are ad-
mitted to the ports via 1/16-in~0D5
stainless steel lines. The ports can be
adapted for admission of samples via sy-
ringe by placing rubber septa under the
retaining nuts of the connectors., Valves
1l and 2 are eight-port chromatographic
valves actuated by compressed air (25

The essential
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psi®) supplied through three-~way solenoid
valves 4 and 5.

Valve switching and sequencing is ac-
complished using the programmable inte~
grator and event-control module, Manual
or time-programmed signals control power
to solenoid valves 4 and 5, thereby con-
trolling the operation of valves 1 and 2.
The operation sequence of valves 1 and 2
is programmed to provide alternate selec-
tion of the reference gas and sample
streams. The 0.2-cm? sample loop is
purged for about 0.5 min with the gas to
be analyzed. Flow through the loop is
monitored at valve 2 using the rotameter
(¢). The positions of valves I and 2 for
purging the sample loop and expanding
samples 1into the mass spectrometer are
shown in figure 2.

Samples enter the mass spectrometer
through the charcoal trap (F in figure
1). The trap is a 1/4-in~-0D (0.040-in
wall) by 56-cm stainless steel U-tube
with a 3/8-in-0D (0.040-in wall) by 5-cm
enlargement, or "bulb,” about 3 cm from
the base (fig. 1). The bulb contains
approximately 2 g of 40- to 60-mesh gran-
ular charcoal. The charcoal is held in
place with stainless steel wool packing.
At 1liquid nitrogen temperature, gases

other than helium and neon are adsorbed
as the sample passes through the char-
coal. Removal of these gases allows a
larger volume of sample to be admitted
into the mass spectrometer to achieve a
higher helium pressure in the ion source.
Thus, a higher electrometer output is
achleved.

The mass spectrometer was modified by
installing the electrometer diagramed in
figure 3. The portion of the circuit lo-
cated on the electrometer circuit board
(fig. 3) was installed in the existing
electrometer housing. The exterior of
the housing was covered with foam rubber
sheeting to minimize drift caused by tem~
perature changes.

The circuit was assembled using commer-
clally available components. An Analog
Devices model AD515L operational ampli-
fier was used for don current amplifi-
cation. A Victoreen type RX~-1 glass-
encapsulated resistor was used for the
amplifier feedback resistor, A feedback
resistance of 1,000 GQ was selected to
achleve a range of about 5 to 20,000 ppb
He. Higher analytical ranges can be
achieved by wusing feedback resistors of
less than 1,000 GQ.

PROCEDURES

STARTUP OF THE MASS SPECTROMETER

The procedure for startup of the mass
spectrometer i1s as follows: With the
charcoal trap (EF) connected as shown in
figure 1 and valve 3 closed, power to the
mechanical vacuum pump (/) and the diffu-
sion pump (X) is switched on., Pressure
in the system is monitored using a vacuum
gauge (G). After the pressure drops be~
low 0.2 mtorr, the cold trap (F) is
filled with 1iquid nitrogen. After the
diffusion pump reaches its operating
temperature (about 20 min), valve 3 is
opened and the charcoal trap is evacu-
ated. The filament in the ion source (H)

610 convert pounds (force) per square
inch to kilopascals, multiply by
6.894757.

is then switched on, and the ionizing
current and accelerator voltage are set
at 50 pA and 70 V, respectively. The
electrometer attenuator is set at the XI10
position. About 2 h 18 required for tem-
perature stabilization of the ion source.

REGENERATION OF CHARCOAL

The charcoal in trap F (fig. 1) is re-
generated prior to each day's operation
by heating while under vacuum. Regenera-
tion removes adsorbed gases and water
from the charcoal. The procedure 1is as
follows: With valve 3 open, the bulb in
the trap is heated at about 200° C for 1
to 2 min using a heat gun. The source of
heat is then removed and the trap is al-
lowed to cool to room temperature., (If
the pressure in the mass gpectrometer
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FIGURE 3. - Schematic diagram of electrometer.
rises above 0.2 mtorr during the charcoal rotameter (fig. 2C). The sample flow is

bakeout, the
will automatically

filament-protection circuit
switch off the fila-
ment in the 1on source., After the pres-
sure drops below 0.2 mtorr the filament
is reset manually.) After the trap has
cooled, the 1liquid nitrogen dewar 1is
raised so that the 1liquid level is about
5 cm above the bulb in the trap. The
charcoal provides enough adsorptive ca-
pacity for about 200 sample injections.

ANALYSIS OF SAMPLES
gas and sample supply

inlet ports 4 and
By keying in an

The reference
lines are connected to
B as shown in figure 1.
"Ext 7" command at the integrator key-
board, valve I is switched, which allows
the reference gas flow to be measured
with the rotameter (fig. 24). Using
valve 6, the flow is set between 10 and
25 cm®*/min. Valve I 1is then switched
off (using a "-Ext 7" command) to allow
the sample flow to be measured with the

_The

set between 10 and 25 cm’®/min using valve
7

For automated alternate analysis of the

reference gas and sample, the time-
programmed sequence of valve operations
shown 1in table 1 1s wused. The time-

programmed commands for the valve opera-
tions and their times of execution are
entered into the integrator memory via
keyboard. Peak iIntegration parameters
are set as shown in table 2, The inte-
grator's ‘'"peak-height-mode" option (OP
#4) 1s used so that the helium peaks are
quantized according to their heights.
The integrator's “"automate-runs” option
(OP #10) is activated to cause the pro-
grammed sequence of valve operations to
be repeated after data are printed. The
programmed valve sequence is initiated by
depressing the integrator "start” button.
sequence 1s repeated continuously
until manually termlnated by the "stop”
button.



TABLE 1. - Time-programmed valve sequence for automated analysis

Integrator Time of execution
time-programmed (from start of run), Operation! Result of operation!
command min
EXt 7eevonennes 0.01 Close valve 1 | Purge sample loop with refence
(air on). gas (fig. 24).
EXt Decseornnee »50 Close valve 2 | Expand reference gas into mass
(air on). spectrometer (fig. 2B).
“ExXt S.ccecsnsee 2,50 Open valve 2 | Return valve 2 to purge posi-
(air off). tion (fig. 24).
~EXt Teseeoveens 2,51 Open valve I Purge sample loop with sample
(air off). (fig. 20).
EXt Deveeoecene 3.00 Close valve 2 | Expand sample into mass spec~
(air on). trometer (fig. 2D).
~EXt BDevececnnes 5.00 Open valve 2 | Return valve 2 to purge posi-
(air off). tion (fig. 2C).

IReferences are to valves 1 and 2 as shown in figures 1 and 2.

TABLE 2, - Integration parameters for quantization and plotting
of helium peaks

Integrator Description of parameter Parameter
parameter key setting
PK WDieoeosoosoooossssss | Peak width-—~time width of peak at half 0.01
height (min) .
THRSH. e eeseevevescsssses | Threshold-—-discrimination level for 3

eliminating signal changes regarded as
noise. (Values entered are integer
powers of 2.)

ATT 24cceeoevesasessesss | Attenuation--plot height scale. (Values 0~-10
entered are integer powers of 2.)
CHT SPuessvesescensssesss | Chart speed-—plot width scale (cm/min). 0.5

DISSCUSSION OF RESULTS

LINEARITY corresponding mass spectral mean peak

heights (table 3) shows the system to be

To determine the linearity of the meth- linear over the investigated range of

od, four Thelium-in-nitrogen weighed about 50 to 20,000 ppb. Electrical satu-

primary standards were analyzed. The ration of the electrometer was calculated

standards were prepared by successive to occur at a sample helium concentration
dilution of helium with analyzed nitro— of about 22,000 ppb.

gen’ until the desired concentration in

the parts—per-billion range was achieved TABLE 3. - Linearity of the method
(7-8). Each standard was analyzed 10
times. A comparison of the weighed Helium content of | Mean peak | Mean peak
standard helium contents and the weighed primary height, height,
standard, ppb uv uV/ppb
7Nitrogen analyzed to contain less than 52.5% 2.5.44 240 4,571
the calculated minimum detectable concen- 889.8% l.l.... 4,130 4.641
tration of 5 ppb helium was assumed to 5,486 * 7..44..) 25,400 4,630
have a helium concentration of 0 ppb. 19,627 +13......] 91,090 4,641




ACCURACY

To evaluate the accuracy of the meth-
od, the four helium-in-nitrogen stan~
dards used 1in the 1linearity study were
compared. Using the standard containing
19,627 ppb He as a reference, the stan-
dards containing 889.8 ppb and 5,486 ppb
He were analyzed as unknown samples,
Then, using the 889,8-ppb~He standard as
a reference, the standard containing 52.5

ppb He was analyzed as an unknown. Sub-
sequently, the 19,627~ppb standard was
used as a reference for itself. The hy-

pothetical unknown samples were analyzed
20 times in succession. Each sample ana-
lysis was bracketed by analyses of the
reference., The results 1in table 4 show
that accuracy at the 95-pct confidence
level over the investigated range was
within £2 ppb or *0.4 pct, whichever was

EFFECT OF SAMPLE FLOW

The effect of sample flow on analysis
was determined as follows: A helium-
enriched air sample was analyzed 20 times
with the sample and reference gas flows
set at 10 and 25 cm3/min, respectively.
The sample was then analyzed an addition-
al 20 times with the sample and reference
gas flows set at 25 and 10 cm®/min, re-
gpectively. The reference gas used was a
helium~in-nitrogen weighed primary stan-
dard containing 5,486%7 ppb He.

The mean helium contents (with standard
deviation) for the two 20-analysis sets
were 5,323%10 ppb He in both instances.
Thus, it was concluded that as long as
the sample and reference gas flows were
maintained between 10 and 25 cm3/min,
there was no detectable effect on the

greater, analytical results.
CALCULATIONS
Gradual temperature changes 1in the He, = helium content of standard,
electrometer can cause the helium sensi- ppb,
tivity to increase or decrease by as much
as 1 to 2 pet/h. To correct for this Dg(¢yy = helium peak height from
drift in sensitivity, a weighed primary first analysils of the
standard is analyzed before and after standard, uV,
each unknown sample. The helium content
of the sample is calculated wusing an Dg(2y = helium peak height from
average helium sensitivity as shown in second analysis of the
the equation standard, uv,
He, = Hes D
Gu = Ds¢1) + De(2) us and Dy = helium peak height of un-
2 known sample, uV.

where He, = helium content of unknown

sample, ppb,

TABLE 4. - Accuracy of the method, parts per billion

Helium in nitrogen Mean helium content | Accuracy at 95-pct
Reference Sample for 20 analyses confidence
889.8%+ 1.1 52.5% 2,5 52 2
19,627 13 889.8%+ 1.1 890 14
19,627 =13 5,486 * 7 5,502 18
19,627 *13 19,627 *13 19,619 176




CONCLUSIONS

The analyzer described provides a pre-
cise and reliable method for determining
helium in the parts-per-billion range.
Accuracy at the 95-pct confidence level

+2 ppb or *0.4 pct, whichever is greater.
The minimum detectable helium concentra-
tion is calculated to be *5 ppb. The
portability of the analyzer allows it to

in the 50~ to 20,000-ppb range 1is within  be used in the fileld.
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